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(71) We, LEWA HERBERT OTT 
K.G.J a German Company of 725 Leonbexg 
bi Stuttgart, Ulmer Strasse 10, Germanyj do 
hereby declare tbe invention for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performeda 
to be particularly described in and by the 
following statement: — 

This invention relates to pumps, particu- 
10. larly (but not exclusively) dispensing pumps. 
A known pump comprises two oppositely 
reciprocating plungers which, during move^ 
ment in an induction direction to effect an 
induction stroke, are each subject to the 
15 action of a thrust spring and which, during 
movement in a displacement direction to 
effect a displacement stroke, are each in 
operative connection with a respective one 
of two cams mounted on a drive shaft and 
20 offset by 180^ with respect to each other, the 
cams each having a cam surface and each 
cam surface having a positive zone for con- 
trolling movement of the associated plunger 
in ihe displacement direction and a nega- 
25 tivc zone for controlling movement of Sie 
associated plunger in the induction direction. 

Such a pump operates with at least two 
pump heads which may be constructed as 
plunger or diaphragm pump heads. The 
30 reciprocating movement of the plungers is 
produced on the one hand by lifting action 
of the cams mounted on the drive shaft and 
on the other hand by the thrust or com- 
pression springs which serve as restoring 
35 SPJ^^SS. 

" In the known puinp the earns, which are 
offset by 180° with respect to each other, 
are so constructed that the sum of the speeds 
of the two plungers is constant in the dis- 
40 placement direction, that is to say the so- 
called positive direction. Such a pump has 
the disadvantage that while it produces a 
pulsation-free dehvery, it does so only at 
very low working pressures. At higher pres- 
45 sures, due to the elasticity of the working 
chambers in the pump heads and due to the 
compressibility of the fluid being delivered 
during the transference of delivery from one 
pump head to the other, there is a transient 



drop in quantitative flow due to the fact that 50 
a certain part of the displacement stroke of 
the plunger is taken up with applying the 
necessary prev<:ompre$sion to the fluid in die 
working chamber so that it attains the work- 
ing pressure. This extent of the displacement 55 
stroke of the plunger for pre-compression is 
dependent upon -^e working pressure and 
the compressibility of the medium being 
delivered and is therefore not constant. By 
reason of the elasticity of the working cham- 60 
her and the compressibility of the medium 
being delivered, moreover, the mean quanti- 
tative flow is dependent upon the particular 
working pressure at any. given time. 

According to the present invention, a 65 
pump comprises two oppositely reciprocat- 
ing plungers housed in respective pump 
heads and which, during movement in an 
induction direction to effect an induction 
stroke, are each subject to the action of a 70 
thrust spring and which, during movement in 
a displacement direction to effect a displace- 
ment stroke, are each in operative connection 
with a respective one of two eccentric cams 
mounted on a drive shaft and offset by 180° 75 
with respect to each other, each cam having 
an eccentric cam surface on its periphery 
and each cam surface having a positive zone 
for controlling movement of the associated 
plunger in the displacement direction and a 80 
negative zone for controlling movement of 
the associated plunger in the induction direc- 
tion, the positive zones of the cam surfaces 
being so configured that the sum of the 
speeds of the plungers in the displacement 85 
cyrection is constant, and the positive zone 
of each cam surface having a working zone 
for performance of the displacement stroke 
and, outside of the working zone, a separate 
preKX>mpression zone for performing a pre- 90 
compression stroke, the pump including 
stroke adjustment means acting on the lengths 
of the induction strokes of the pltmgers, and 
therefore on the extent of filling of the pump 
heads, to enable adjustment of the prevcom- 95 
pression strokes in dependence on the delivery 
pressure and the compressibility of the 
medium being delivered in such a way that 
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the pump is substantially unaffected in its 
delivery peifonnance by the delivery pres- 
sure and the compressibility of the medium 
being delivered so as always to deliver a 

5 substantially constant flow that is substan- 
tially free from pulsations. 

In other words^ in the present pxmip part 
of each cam surface which produces a 
plunger movement in the positive directions 

10 that is to say in the displacement direction^ 
and which is normally constructed as an 
Archimedean spiral with parabolic transitions^ 
is so constructed that the working zone and 
the pre-compression zone are formed. Hie 

15 positive zones, as mentioned above^ are so 
configured that the sum of the i^lunger 
speeds of the displacement direction is con- 
stant. The relationship governing the speeds 
of the pre-compression zone of each cam 

20 may be determined as desired. Each pre- 
compression zone serves to build up in the 
pump head, prior to the actual displacement 
stroke, a pressure corresponding to the work- 
ing pressures the working pressure being 

25 attained at that position of the cam at which 
the pre-compression zone merges into the 
working zone. In this way, it is ensured 
that upon the transition ctf delivery from one 
pimap head to the otherj there is no sub- 

30 stantial drop in quantitative flow, since at 
rhiR moment the plunger which is commenc- 
ing work has by reason of the prenDom- 
pression zone of the cam already reached a 
position in which it starts to operate at the 

35 working pressure. The pimip thus provides a 
substantially pulsation-free output and the 
quantitative flow produced at any given time 
is substantially independent of the working 
pressure. 

40 Since, according to the working pressure 
and the compressibility of the medium being 
delivered, different travels of the plungers are 
required, die plunger travel needed for pre- 
compression is, as set forth above, adjust- 

45 able. This is effected by means of the stroke 
adjusting means with which the travel of 
each plunger is limited in the induction 
direction, e.g. by stops or abutments. When 
this happens, the end face of the plunger 

50 which co-operates with the cam lifts off 
the cam and does not again engage the 
cam until the cam attains that position in 
which the pre-compression travel is just 
suflBciendy great that upon transition from 

55 the pre-compression zone into the working 
zone^ the pump head has been brought to 
the working pressure. 

The stroke adjustment achieved by means 
of the stroke adjusting means and corres- 

60 ponding to one definite operating condition 
can be attained or varied manually or auto- 
matically. In the case of manual adjustment, 
each of the required stops may be con- 
structed as a set screw disposed on the pump 

65 housing and projecting into the path of 



movement of the plunger and which can be 
adjusted accordii^Iy by being screwed 
fardier into or out of the housing. 

In contrast:, with an automatically operat- 
ing stroke adjusting device, the^ necessary 70 
signal to actuate a positioning drive can be 
generated via a quantitative flow or pressure 
measuring device. 

The invention will now be described by 
way of example with reference to the accom- 75 
panying drawings, in which: 

Figure 1 shows a section through a pump 
in accordance with the invention; 

Figure 2 is a graph showing die relation- 
ship between the travel of the plungers of the 80 
pump and the angle of a drive shadft mount- 
ing two cams; 

Figure 3 shows one of the two cams in 
section, at right-angles to the axis of the 
drive shaft; and 85 

Figure 4 shows the cam in section and as 
shown in Figure 3, but divided into sectors 
for calculation of the configuration of the 
cam. 

The pump shown in Figure 1 comprises 90 
a housing 1 having connected thereto two 
identically constructed pump heads 2, 2' 
which may be plunger pump heads. A re- 
spective plunger 3, 3' is reciprocatingly 
movable in each of the pump heads 2, 2'. 95 
Respective plunger rods 4, 4' of the plungers 

3, 3', sealed in the manner shown in Figure 
1, project through a respective housing cover 

5, 5' into the interior of the housing I. 
Each plunger rod 4, 4' has in the vicinity 100 

of its free end a respective peripheral flange 

6, 6', against one side of each of which a 
respective thrust spring 7, 7' has an end 
braced. The other ends of the thrust springs 

7, 7' are braced on ^e insides of the housing 105 
covers 5, 5', respectively. 

Furthermore, by means of respective 
journals 8, 8', there is mounted in the 
region of the free end of each plunger rod 

4, 4' a respective freely rotatable roller 9, HO 
9'. The roller 9, 9' cooperates with respec- 
tive identical, eccentric cams 10, 10' in the 
manner shown in Figure 1. The cams 10, 10' 

are spaced at an appropriate distan<SJ from 
each other and are connected to a drive shaft 1 1 5 
11 so as to rotate therewith. The drive shaft 
11 is- rotatably mounted in the housing 1 
by means of bearings 12, 13. The cams 10, 
10' arc offset by 180° with respect to each 
other. The peripheries 14, 14' of the cams 120 
10, 10' are configured to form eccentric cam 
surfaces as shown for the cam 10 in Figure 
3. In this respect, the cam surface formed by 
the periphery 14 includes an induction stroke 
zone, also called a negative zone, which |25 
engages the roller 9 during the induction 
stroke of the plunger 3, when the plunger 
moves in the induction direction (downwards 
in Figure 1). During the induction stroke 
a graph representing the travel of the plunger 1 30 
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3 against the angle of the drive shaft 11 
has a negative slope, as shovm in Figure 2. 
The rest of the cam surface formed by the 
periphery 14 is a so-called positive or dis- 
5 placement zone: when this zone engages the 
roller 9 die plunger 3 is moved in the dis- 
placement dirccrion (upwards in Figure 1) 
and die plunger travel-drive shaft angje 
graph has a positive slope as shown in 
10 Figure 2. As Figure 3 shows, the positive 
zone of the cam surface formed by the peri- 
phery 14 of the cam 10 is divided into a 
working zone and a pre-compression zone. 
The pre-compression zone is located, in the 
15 direction of rotation of the cam 10 as shown 
by an arrow A in Figure 3, inamediately after 
the induction stroke zone^ while the pre- 
compression zone is foUowai by the working 
zone. The pre-comptession zone extencb 
20 over an angle 0 of about 60° to 70*^ of the 
periphery 14 and is so configured that the 
plunger 3 is in its working pressure position 
when the roller 9 engages the cam 10 at the 
transition point between the pre-com- 
25 pression zone and the working zone. 

By reason of the identical construction of 
the cams 10 and 10', the foregoing descrip- 
tion of the cam siuf ace formed by the peri- 
phery 14 of the cam 10 applies also to the 
30 cam surface formed by the periphery 10' of 
the cam 10'. 

Since working pressure and com- 
pressibility of various media are of various 
magnimdes, the amount of travel of the 
35 plungers 3, 3' during the pre-compression 
stroke may be varied in accordance there- 
with. This is achieved by means of a re- 
spective stroke adjusting device associated 
with each plimger 3, 3' and which in the 
40 case of the illustrated embodiment, is manu- 
ally adjustable, being constructed as an 
adjusting set screw 15, 15' mounted on the 
housing 1. Each adjusting set screw 15, 15' 
projects into the interior of the housing 1 
45 and also, in an axial direction, into the path 
of the associated plunger 3, 3' or plunger 
rod 4, 4' and cooperates with the peripheral 
flange 6, 6' of die associated plunger rod 
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4, 4' in the manner shown in Figure 1. By 
screwing the set screws 15, 15' farther into 50 
or farther out of their seatings, it is possible 
for the peripheral flanges 6, 6' to abut earlier 
or later against the free ends of the set screws 
15, 15', so that the induction strokes of the 
plungers 3, 3' are limited or terminated, the 55 
rollers 9, 9' being out of engagement with 
the cam surfaces formed by the peripheries 
14, 14' of the ^rng 10, 10' for correspond- 
ingly long periods. When the pump is set 
in operation, the travel of the plungers 3, 3', 60 
plotted against the angle of the drive shaft 
11, is as shown in Figure 2, from which it is 
manifest that a substantially competely 
pulsation-free quantitative flow can be pro- 
duced by the twin pump described. As can 65 
be seen, the working zones of the cam sur- 
face formed by the peripheries 14, 14' of 
the cams 10, 10% are so configured that 
the sum of the speeds of the plungers 3, 3* 
is constant in the displacement direction. In 70 
contrast^i the speed law of the relevant pre- 
compression zone of each cam 10, 10' can be 
constructed as desired. 

By virtue of the fact that each cam 10, 
10' has a pre-compression zone, it is in any 75 
case ensured that the plungers 3, 3' are in 
their working pressure positions immediately 
the rollers 9, 9' engage the corresponding 
cam 10, 10' in the appropriate transition 
zon between the pre-compression zone and 80 
the working zone. The stroke adjusting 
devices make it possible to adapt to various 
working pressures and compressibilities of 
different media which have to be delivered 
by the pump. All in all, therefore, a sub- 85 
stantially completely pulsation-free flow is 
guaranteed in every case whereby, more- 
over, the flow pressure generated by the 
pump is independent. 

An example of how the configiurations of 90 
the cam surfaces formed by the peripheries 
14, 14' of the cams 10, 10' can be calculated 
is given hereinafter with reference to Figure 
4, The following different equations apply to 
individual sectors I to V of the cams 10, 10' 95 
shown in Figure 4: 



r=ro+av)o* + b (^j— 90)-^ 



r= r^ + a(»r -f + 2y»i — y>)" 
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Numerical values: 
a=5.99305 mm; 
b= 1.90987 mm; 



90=0.15934; 
95=0.91340; 
92=0,57769; 



To =24.5 mm 
ri=30.5 mm 
r2=20.5 mm 



The above-described pump can be modi- 
fied within the scope of the invention as 
defined by the appended claims. For instance 
the stroke adjusting devices can be replaced 
by or modified to form a stroke adjusting 
means controlled automatically by a position- 
ing drive means which can be actuated by 
means responsive to the pump output, for 
instance^ a quantitative flow measuring device 
or a pressure measuring device. 

WHAT WE CLAIM IS: — 

1. A pump comprising two oppositely 
reciprocating plungers housed in respective 
pump heads and which, during movement in 
an induction direction to effect an induction 
stroke, are each subject to the action of a 
thrust spring and which, during movement 
in a displa<^mnt direction to effect a dis- 
placement stroke, are each in operative con- 
nection with a respective one of two eccentric 
cams mounted on a drive shaft and offset by 
180° with respect to each other, each cam 
having an eccentric cam surface on its peri- 
phery and each cam surface having a positive 
zone for controlling movement of the associ- 
ated plunger in tiie displacement direction 
and a negative zone for controlling move- 
ment of the associated plunger in the induc- 
tion direction, the positive zones oi the cam 
surfaces being so configured that the sum of 
the speeds of the plungers in the displace- 
ment direction is constant, and the positive 
zone of each cam surface having a working 
zone for performance of the displacement 
stroke and, outside of the working zone^ a 
separate pre-compression zone for perform- 
ing a pre-compression stroke, the pump in- 
cluding stroke adjustment means acting on 
the lengths of the induction strokes of the 
plungers, and therefore on the extent of 
filling of the pump heads, to enable adjust- 



ment of the pre-compression stroll in 
dependence on the delivery pressure and the 
compressibility of the medium bein^ 
delivered in such a way that the pump is 
substantially unaffected in its delivery per- 
formance by the delivery pressure and die 
compressibility of the medium being 
delivered so as always to deliver a substan- 
tially constant flow diat is substantially free 
from pulsations. 

2. A pump according to claim 1, wherein 
the pre-compression zone of each said cam 
surface embraces an angle of about 60° to 
70° of the cam surface. 

3. A pump according to claim 1 or claim 
2, wherein tiie stroke adjusting means com- 
prises a respective stop disposal in the path 
of movement of each plunger and movable 
axially of said path to limit the induction 
strokes of the plungers by adjustable 
amoimts. 

4. A pump according to claim 3, wherein 
the pump ms a housing and each said stop 
is constructed as a set screw disposed on 
the hoiising and projecting into said path of 
movement of the associated plunger. 

5. A pump according to claim 1 or claim 
2, including a flow or pressure measurement 
device responsive to die output from the 
pump and positioning drive means actuated 
by the device to automatically adjust the 
stroke adjusting means. 

6. A pump substantially as herein des- 
cribed with reference to the accompanying 
drawings. 

For the Applicants: 
D. YOUNG & CO., 
Chartered Patent Agents, 

9 & 10 Staple Inn, 
London, WCIV 7RD. 
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